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Introduction
The past decades have seen a sharp increase in the use of patent-based indicators by scholars and policy analysts. Patent data are used across scientific disciplines and for a range of purposes-such as assessing a country's innovation performance, evaluating researchers' mobility or tracking the emergence of new technologies. Yet the abundance of data sources and counting methodologies lead to heterogeneous metrics. Depending on the reference date (priority date vs. application date), the criterion for geographical allocation (inventor vs. applicant), the level of aggregation and several other dimensions, patent counts can vary to a very large extent. 1 Certain types of patent indicators are more appropriate for certain uses, and careful consideration of the research objective is needed to select the most appropriate indicator. For instance, national data provided by the US Patent and Trademark Office (USPTO) are appropriate for studies of the market orientation of inventive activity. Due to their limited coverage, however, national databases are subject to a geographic bias. For instance, USPTO patent counts are strongly biased in favour of US and Canadian inventors, owing to the high propensity of North American applicants to file patents at that patent office. The ways to avoid the geographic bias are either to count 'international' patents filed under the Patent Cooperation Treaty (PCT), or to count applications filed simultaneously at several national offices (e.g., the 'triadic families' discussed in section 2). These indicators are very exclusive. They count only applications having an international market perspective and, hence, are biased towards inventions of higher value, which are often owned by large firms with a substantial patenting budget. It has long been recognised by scholars that many inventions of local relevance are also of interest for various reasons. They can serve the development of small companies, they witness the presence of absorptive capabilities, and they may be of particular value within developing countries. Overlooking these local patents therefore precludes a full view of the inventive activity of countries. This paper presents a methodology to build an indicator of priority patent applications using the Worldwide Patent Statistical Database (Patstat) that is maintained and distributed by the European Patent Office (EPO). A priority filing is the first patent application filed to protect an invention. It is generally filed in the patent office of the inventor's country of residence, although it may also be filed elsewhere. In some countries the national patent office attracts only a small share of the priority filings made by domestic inventors. A comprehensive measure of inventiveness therefore requires a count of all priority patent applications filed worldwide and their assignment to the country of the inventor's residence (or that of the applicant, depending on the research objective). The aim of this paper is to present a new patent-based indicator that relies on this approach.
The idea of a count of patent priorities is not new per se, as it has been done before, notably in the Trilateral yearly reports published by EPO, the Japan Patent Office (JPO), and USPTO. To make this approach operational on a large scale, however, several practical issues need to be resolved. The most crucial one derives from the fact that the Patstat database is plagued by missing information on inventors. A distinguishing characteristic of our contribution is that we present a way to address this problem. In particular, whenever a priority filing has missing information on inventors, we look for any subsequent filing of the same invention that may include this information. Validity tests suggest that the proposed retrieval algorithm is highly accurate.
Compared with existing indicators, which mainly focus on higher-value patents, the worldwide count improves the measurement of the inventive activity of small open economies and emerging economies, and reflects the overall innovative dynamism of countries. It is also extremely useful in tracing the geographic location of emerging technologies. With its allencompassing approach, the indicator measures the 'inventiveness' of countries, as opposed to the inventive 'performance' captured by existing high-value indicators. This being said, the measure of patenting activity developed in this paper is actually the source of all patent series, in the sense that it can be used to generate all existing patent indicators. For instance, to generate the triadic indicator, it would be easy to select only those priority filings that eventually became triadic patents. Thanks to its generality, the worldwide count of priority filings is also particularly appropriate for within-country analysis of inventive activity. It allows scholars and policy analysts to track the population of patents by domestic inventors and informs them of the characteristics of their national system of innovation and exposure to international research.
The paper is organised as follows. The next section reviews the existing patent indicators. Section 3 describes the methodology. A statistical overview of the indicator is provided in section 4. Section 5 studies patenting activity in an emerging field to illustrate the differences with established patent indicators. Section 6 discusses how the patent indicator can be used and offers conclusions.
Patent indicators
This section reviews four popular patent indicators in light of six key characteristics: i) the home bias; ii) the existence of a time effect; iii) the timeliness of the statistics; iv) the type of document; v) the level of aggregation; and vi) the value of patents. In the following discussion, it is assumed that the reader has a general knowledge of the patenting process and of patent indicators. 2 The term home bias means that domestic applicants tend to file more patents in their home country than nonresident applicants, relative to their inventive capacity (OECD 2009: 60) . By extension, we use this term to refer to how the institutional and geographical characteristics of patent systems affect patent counts. For instance, relying on USPTO patents to assess countries' innovation performance would lead to a biased count in favour of US firms, but also Canadian and Mexican firms due to their geographical proximity to the United States. The time effect is defined as the effect of the passing of time on a patent indicator. One illustration of this effect is provided by de Rassenfosse and van Pottelsberghe (2007) , who show that the older members of the European Patent Convention (EPC) have a higher propensity to file applications at the EPO.
Timeliness indicates how quickly a particular class of patent data becomes available.
2 A good discussion of these topics can be found in Dernis et al. (2001 ) and OECD (2009 ). Schmookler (1950 , Pavitt (1985) , and Griliches (1990) provide an extensive discussion of the possibilities and problems of patent indicators. 3 See Harhoff et al. (2009) for an illustration of how geographical distance affects the propensity to seek patent protection in a country.
The type of document refers either to priority filings or second filings. A priority patent application is generally filed at the inventor's home office, although this need not be so. When a priority patent application is subsequently filed in other jurisdictions, with the aim of extending the patent protection to foreign markets, the applications are called 'second filings'.
The level of aggregation can be the individual patent level or the family level. A family of patents is a set of patents (or applications) filed in several countries which are related to each other by one or several common priority filings (OECD, 2009: 71) .
Even though it is difficult to estimate patent value, it is possible to rank some of the indicators according to the presumed average value of the patents that they count. Table 1 displays a comparative description of the main characteristics of existing patent indicators. A first indicator is the count of the number of patents granted by the USPTO, which has been accessible to researchers for a long time and is extensively used for international comparisons (Merton, 1935; Schmookler, 1954; Soete and Wyatt, 1983) . It is argued that a country is more innovative than another if it has a higher share of US patents relative to its size. An advantage of the indicator is that because applicants face a roughly similar patenting cost and are compared under the same patent system, the institutional bias is eliminated. Yet researchers have also long been aware of the limitations of this measure. For instance, Pavitt (1985) explains that 'foreign patenting as a proxy measure of innovative activity has been subjected to […] criticisms […] arguing that there may be systematic, country specific biases in the propensity to patent the output of innovative activities in foreign countries.' Because Canadian and Mexican companies file relatively more patents in the United States than do firms from continental Europe (owing to relative proximity-the so-called geographic bias), comparisons must be made with great care. In addition, until 2001 the USPTO disclosed statistics only on patents granted, rather than on applications, so that that the timeliness of the statistics was subject to the lag between the two events. Certain alleged shortcomings of the US patent system, such as its low inventive requirement, lack of transparency and a lax fee policy, may have led to excessive strategic patenting adding further doubt about the relevance of the indicator. See the evidence provided by van Pottelsberghe (2011) for an international comparison.
A second measure involves counting patent applications filed at the EPO. The EPO was created in 1974 as a regional patent office to provide a single patent filing and grant procedure for member states of the EPC. The EPO is an upper layer in the European patent system and is cost-effective to use if the applicant is targeting more than three European countries for protection. Once a patent has been granted by the EPO, it must be validated and kept in force in each country where protection is desired. Since the EPO is a regional office, the count is not biased toward a single country-at least as far as European countries are concerned-such that statistics on patent filings at the EPO are often assumed to be less biased than those at the USPTO. The count of EPO patent applications nevertheless provides an incomplete picture of patented output, as applicants still have the option to file in their home country or directly at other national patent offices. A recent study by de Rassenfosse and van Pottelsberghe (2007) provides evidence that the transfer rate of national priority patent applications to the EPO varies greatly across EPC member states and is predicted by variables not related to innovation performance, such as the duration of membership of the EPC (direct evidence of the time effect). In other words, the authors find the presence of a systematic bias in the data, casting doubts on the comparability of statistics based on EPO patents. Arguably, however, this bias is bound to vanish as applicants get used to the EPO procedure.
The count of patent applications filed under the PCT is a third, frequently used patent indicator. The PCT is an international treaty that provides a unified procedure for filing patent applications in each of the 145 contracting states (as of May 2012). It makes it possible to seek patent protection by filing an 'international application' at the World Intellectual Property Organization (WIPO). This application must then be validated in each national patent office where patent protection is sought. The PCT route extends the priority period to 31 months instead of the usual 12 months allowed by the Paris Convention, giving the applicant more time to assess the potential value of the invention (OECD, 2009). It is not clear whether PCT applications are of higher value than, say, EPO applications. Indeed, as argued in Guellec and van Pottelsberghe (2000) , it might be that inventions with uncertain market potential are filed through the PCT route, whereas those with an unquestionable potential tend to be filed directly at the EPO. Empirical evidence, however, seems to suggest that the PCT route is associated with higher-value patents (van Zeebroeck and van Pottelsberghe, 2011; Jensen et al., 2011) . Statistics based on PCT applications are less subject to a home bias, even though applicants have made uneven use of the PCT across countries and industries, especially in the treaty's early days. The timeliness of this indicator is good, as PCT applications are published by the WIPO 18 months after the priority date.
A fourth popular indicator is the count of triadic patent families, which is the first statistic based on patent families to become widely used as a measure of the inventive performance of countries. 4 It was developed a decade ago by the OECD to avoid some of the shortcomings associated with other indicators. The aim was to create a measure that selected patents of a certain quality and that would be comparable across countries. According to the OECD definition, the triadic patent family is a set of patent applications that have been filed at both the EPO and the JPO and granted by the USPTO, sharing one or more priority applications. The indicator is robust to differences in patent regulations across countries and changes in patent laws over the years (Dernis et al., 2001; Dernis and Khan, 2004) . The geographic bias is reduced, since only patents with an international scope are selected. Similarly, triadic patents must be of high value to justify the costs incurred with patent applications in the three patent offices.
5 Analysis by de Rassenfosse and van Pottelsberghe (2009) shows that, among the existing indicators, triadic patents are the least affected by differences in propensity to patent across countries and are particularly reflective of the productivity of research efforts. The count of triadic patents is thus particularly suited for 4 Other institutions that also report statistics on patent families include the WIPO and the 'four offices' statistics working group (previously known as the Trilateral Office). Frietsch and Schmoch (2010) propose transnational patent families, defined as all patent families with at least a PCT application or an EPO application. 5 See van Pottelsberghe and François (2009) and van Pottelsberghe (2011) for an assessment of legal and administrative patenting fees at the EPO, the JPO and the USPTO. international comparison of innovation performance. A major drawback of this indicator, however, is its poor timeliness as a result of the grant lag at the USPTO. 6 While it is possible to mitigate the timeliness issue with 'nowcasting' techniques (i.e., forecasting the recent past), as explained in Dernis (2007) , these techniques tend to produce imprecise results for small patenting countries and emerging economies.
The indicator proposed in this paper (labelled 'Worldwide' in table 1) counts priority patent applications filed by inventors from a given country regardless of the patent office of application (as opposed to counting filings at a specific office such as the EPO). This global coverage eliminates the geographic bias (but at the cost of introducing an institutional biasbecause we are counting national patents, the peculiarities of each national patent system are likely to affect the count). 7 In addition, because the new indicator involves a count of priorities, it is the closest measure to the date of invention. The methodology adopted to compute the indicator is presented in the next section.
Methodology
The counting methodology proposed in this paper is conceptually simple-consisting of selecting the priority patent applications filed worldwide in a given year and assigning them appropriately-though its implementation is quite challenging and requires several working assumptions that need to be discussed. 8 The data come from the EPO Worldwide Patent Statistical Database (Patstat, April 2011 edition), which covers records on patent applications filed in more than 70 patent offices around the world. 9 The issues that must be tackled to build the indicator can be grouped into four categories: i) the choice between the inventor's and the applicant's country of residence; ii) the criteria used to identify priority filings; iii) the choice of a straight count versus a family-based count; and iv) the recovery of missing information.
The allocation of priority filings to countries
One can assign patents to countries either according to the 'inventor' criterion, or to the 'applicant' criterion. The inventor criterion reflects the origin of the inventive activity and ensures a good match with statistics on research and development (R&D), which specifically relate to the R&D expenditures within a country (OECD, 2009: 63) . The inventor count thus captures the output created by inventors in a country rather than that owned by companies of a country (the applicant criterion). This distinction matters mainly for countries that have a large number of foreign-owned R&D laboratories and where a count based on applicants might underestimate the country's true inventive output. For instance, Guellec and van Pottelsberghe (2001) estimate that more than 30 per cent of the patents from Belgian inventors are applied for by foreign companies. The examples that follow assign patents according to the country of residence of the inventor(s). The methodology of assigning patents according to the applicant's country of residence is very similar to the methodology presented in this paper, such that we do not discuss it further.
Note that a fractional count methodology is used when a patent has more than one inventor (see the implications of fractional counts in Dernis et al., 2001) ; this ensures that the count is not artificially inflated. An alternative approach, less accurate but frequently used, takes into account only the country of residence of the first inventor listed in the patent application.
The identification of priority filings
Priority patent applications filed under the Paris Convention and the PCT are considered for the analysis. Particular types of applications were excluded in order to increase international comparability. Specifically, some patent offices have second-tier patents, which are granted generally for a period of up to six years. By contrast, 'standard' patents can be maintained for 20 years (the minimum statutory duration set by the Trade-Related Intellectual Property Rights Agreements, known as TRIPs). The decision was also made to exclude applications that have any type of linkage with other applications, such as a continuation, a continuation in part, or a division. Other specific patents, which can be identified by their 'publication code' in the Patstat database, have also been removed (for instance, plant patents at the USPTO). A list of the excluded publication codes is provided in Appendix A. Note that these patents usually constitute a small fraction of total patent applications, and their exclusion does not affect the count significantly. However, it makes the indicator more homogeneous and easier to interpret.
The USPTO did not publish patent applications until 2001, meaning that only granted patents could be observed-and counted-before that date. With the 1999 Inventor Protection Act, the USPTO aligned to international practices and started publishing patent applications 18 months after the filing date. However, only patent applications that will be filed abroad are automatically published. For patents targeting the domestic market only, it is still possible to avoid publication until the date of grant. Therefore, some applications in the USPTO remain unpublished and hence unobservable.
Straight count versus family count
Because the proposed indicator counts priority patent applications in many jurisdictions, it is affected by peculiarities of national patent systems (the institutional bias). For instance, it is well known that Japanese patents are more restrictive in scope than those issued elsewhere. As a consequence, Japanese applicants tend to file many more patent applications per dollar of R&D expenditure. As evidence of this institutional difference, patents filed at the JPO had eight claims on average, as opposed to twenty-four claims on average for patents filed at the USPTO in 2005 (de Rassenfosse and van Pottelsberghe, 2012) . One way to account for these institutional differences is by counting patent families rather than individual patents. It is indeed often the case that Japanese applicants 'merge' various national priority patent applications when extending their IP right abroad (so that a Japanese second filing usually claims more than one priority document, see Dernis et al., 2001) . A family count would therefore partially correct for these institutional differences.
Estimating a family count involves weighting each priority filing in a family by the inverse of the number of priority filings in the family, thereby counting the actual number of distinct families. 10 We adopt the extended families definition (Patstat -Inpadoc table) , which groups together applications that are directly or indirectly linked through priorities. Martinez (2010) provides a detailed description of the different patent families and how they relate to each other. Note that the family count proposed in this paper aims at harmonizing the notion of invention by counting only distinct sets of patents. By contrast, the family count of triadic patents or the family count proposed by Frietsch and Schmoch (2010) is used as a filtering device to identify valuable patents. 
The recovery of missing information
According to our estimates, Patstat lacks information on the inventor's country of residence for 58 per cent of the priority documents filed from 2000 to 2005. The availability of the information in patent documents varies greatly across patent offices.
12 The country code is missing (almost) systematically for a broad range of patent offices, such as those in Brazil, France, and Japan. The reason for the lack of information is structural: It is due to incomplete provision of data to the Patstat database administrator by patent offices (because of early provision, because the field is not required by certain patent offices, or for other reasons). It is thus important to find a way to recover the missing information. A simplified flowchart of the proposed data-recovery process is presented in Appendix B. The algorithm first selects all the priority filings of a given patent office in a given year. Then, for each filing that has missing information on the inventor's country of residence, the algorithm looks into six potential sources of information (sources 2 to 7-source 1 being the priority document itself, when the information is available). Sources 2 to 6 exploit family linkages, while source 7, the default option when all other retrieval mechanisms fail, considers that the country of residence of the inventor is the country of the patent office of priority application (the 'priority office').
Source 2: Retrieves information on inventors from the earliest direct equivalent in which the information is available. A direct equivalent is a second filing claiming the priority application in source 1 as sole priority (see Martinez, 2010) . Source 3: If no information is available in the direct equivalents, the other second filings of the same family are browsed. (The second filings considered in this source claim more than one priority document.) Source 4: If the information is missing in source 3, the country of residence of the applicant, as indicated in the priority document, is used to proxy the country of the inventor. Source 5: If the country of the applicant is missing, it is searched for in the direct equivalents (source 2). Source 6: If no information on the applicant's country was found, it is tracked in all the other second filings of the same family. Source 7: Finally, if the information is still missing, the country of the priority office is used for the country of residence of the inventor. 10 In the following instance, {P 1,1 , P 1,2 , P 1,3 , P 1,4 , P 2,1 , P 2,2 , P 3,1 }, where the first four priority filings belong to family "1", the next two priority filings to family "2" and the last priority filing to family "3", patents in the first family are given a weight of 0.25, patents in the second family are given a weight of 0.50 and the patent in the third family is given a weight of 1. The sum of weights equals 3, that is, the number of distinct families. 11 Of course, it is possible to use the family link to filter out low-value patents in the proposed indicator as well. This application exceeds the scope of the paper, but we briefly discuss it in section 4. 12 The availability of information also varies within patent offices, especially by priority year and filing route. There is usually no systematic difference in data availability in terms of technology fields (IPC classes).
Because country of inventor, country of applicant and priority country do not necessarily match, the algorithm may impute incorrect information. The sources of information are browsed in the proposed order to increase the probability of picking the correct information. For instance, if the information is missing in the original document and the potential second filings, it is likely that the patent was not extended abroad and that it was, therefore, filed by a national inventor, such that the default allocation (source 7) seems quite acceptable. Of course, the imputation rule must be tailored to the research objective. For instance, it is less appropriate to use sources 4-7 if one intends to analyse why some countries offshore R&D. Table 2 presents the proportion of information recovered, by source of information and patent office. The Canadian, Swiss and Norwegian patent offices are among the 24 countries in our list which provide fairly complete data on inventors: more than 95 per cent of the patent documents contain the inventor's country code (source 1). Patent offices from ten other countries such as Australia, Brazil, France and Japan, on the contrary, provide virtually no information, hence the need to browse second filings. Looking for the missing information in the direct equivalents (source 2) proves to be very useful, yielding the recovery of 56 per cent of the missing information at the French patent office, for example. Looking for information about inventors in other patents of the same family (source 3) makes it possible to recover some additional missing information. Source 4 indicates the share of applicant information that was used for inventors when sources 1 to 3 did not prove successful. This methodology accounts for more than 90 per cent of the information recovered at the Brazilian patent office. Sources 5 and 6 provide little additional information. Finally, the default option of assigning the country of the priority office as the country of the inventor, when no other information could be identified, was used to a large extent for patent offices in seven countries, including Australia, Greece and Japan. The validity of the overall methodology is assessed in detail in Appendix C. 
Overview of the worldwide indicator
As observed in the introduction, patent indicators serve a variety of purposes, and certain types of patent indicators are better suited than others for certain uses. This section illustrates the information content of the new indicator. A ranking of countries is provided, and the salient features of the indicator are illustrated and discussed. The actual values for the worldwide priority count are available in Appendix D. Table 3 presents the ranking of countries according to their relative patent count, as measured by different patent indicators standardised by the number of full-time-equivalent researchers-that is, the number of patents per researcher. Some of the many differences in countries' rankings between the various patent counts are particularly striking. As compared with the 'international' indicators (USPTO, EPO, PCT, and triadic), the worldwide priority count improves the ranking of developing economies, where companies mainly target their local markets. Brazil, Russia and China, for instance, gain more than 15 positions when the priority count is used in lieu of the triadic count.
The institutional bias of the worldwide indicator is clearly visible with Japanese and Korean inventors, who are ranked first and second, with more than 500 patents per thousand researchers, far ahead of German inventors, who, with 155 patents per thousand researchers, are the closest followers. The patent systems of these two countries encourage a large number of narrow patents (Kotabe, 1992) , giving their residents a quantitative edge over residents of other countries that allow for broader patents.
The geographical bias that affects USPTO and EPO counts is also clearly visible. Canadian inventors, for instance, rank 17 th in the worldwide priority count, but jump to the 7 th position in the count of USPTO patents. Similarly, inventors from the Netherlands and Switzerland rank 14 th and 6 th in terms of priority filings but 3 rd and 1 st when EPO patents are counted.
The columns labelled 'Dev.' report the deviation coefficients with respect to the worldwide count. For instance, the deviation of the count of USPTO patents by inventors from country i is computed as DEV USPTO,i 
= (USPTO i /USPTO tot )/(Worldwide i / Worldwide tot ).
It measures the proportion of USPTO patents obtained by inventors from country i, relative to the proportion of total priority filings obtained by inventors from country i. A coefficient greater than one means that the country fares better using the USPTO count than the worldwide count. Austrian inventors, for instance, are listed in 41 per cent more US patents than what their worldwide count would predict (coefficient of 1.41). By contrast, inventors from less-advanced but fast-developing countries usually have fewer USPTO patents. Slovenian inventors, for instance, have half as many patents in the United States as what their worldwide count would predict (coefficient of 0.47). The deviation coefficients can be directly compared across patent indicators. For instance, Austrian inventors file three times as many applications at the EPO as at the USPTO (4.13/1.41). The deviation coefficients clearly illustrate the extent of the geographic bias for small, open economies (as shown, for example, by the coefficient for Dutch and Belgian inventors at the EPO) as well as the bias against lessadvanced countries (as seen in the coefficients for inventors from Brazil, China and Russia). The following sections discuss the salient features of the new indicator. Table 4 presents the correlation coefficients between the various indicators. The USPTO, EPO, PCT and triadic counts are highly correlated with each other. This is hardly surprising, given that all triadic patents are filed at the EPO and the USPTO, and many PCT applications eventually become triadic patents. The worldwide count of priority filings is the least correlated with the other indicators, suggesting that it captures different dimensions of inventive activity. Using the data presented in this paper, Danguy et al. (2009) estimate a patent production function at the industry level for a set of OECD countries over the period [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . They find that the elasticity of the worldwide count with respect to R&D expenditure is 0.118. Interestingly, the elasticity of the triadic count with respect to R&D expenditure is 0.110. Thus, their result suggests that the worldwide count is at least as strongly correlated with R&D expenditures as is the triadic count.
No filter on patent value
The worldwide indicator counts all priority filings, regardless of their value. It is wellknown that the distribution of patent value is highly skewed to the left, with a majority of low-value patents (see, for example, Trajtenberg, 1990; Harhoff et al., 2003) . International patent indicators, in particular triadic patents, have been specifically designed to filter out low-value patents. As a result, international indicators put developing economies at a disadvantage, since more of their inventions are incremental (Puga and Trefler, 2010) and do not make it through the strict filters of the international patent system. In addition, companies from emerging countries are less likely to target foreign markets or may be impeded by the high cost of patenting. In short, international indicators mask the local and entrepreneurial natures of inventive activity. The worldwide count, by contrast, puts no filter on value and, in all logic, should better capture these dimensions, although at the cost of counting patents of uneven value across countries. Table 5 presents the correlation of the ratio of the worldwide count with a given patent count (such as worldwide/USPTO) with a series of indicators of economic activity. A positive correlation coefficient indicates that the worldwide count indicator is high vis-à-vis the given patent indicator. The data suggest that the worldwide count better reflects the inventive activity of developing countries and countries with a strong entrepreneurial base. The first row presents the correlation coefficients with the gross domestic product (GDP) per capita. The lower the GDP per capita, the higher the share of priority filings that do not target foreign markets. This is a clear illustration that international indicators, particularly the triadic count, reflect the advantage of the most advanced economies in terms of high-value inventions, and, inversely, that the worldwide count of priority filings increases the score of developing economies. The next four rows of the table represent correlations with measures of entrepreneurial activity: 'Business creation rate' (number of new enterprises as a percentage of the population of active enterprises with at least one employee); 'New firms' share in employment' (number of persons employed in newly born enterprises, as a percentage of persons employed); 'High-growth firms as share of all firms' (number of high-growth enterprises with at least ten employees as a percentage of the population of active enterprises with at least ten employees); and 'Gazelles as share of all firms' (number of gazelles with at least ten employees, as a percentage of the population of active enterprises with at least ten employees). 13 All the indicators are positively correlated with the relative counts, suggesting that countries with a higher entrepreneurial activity have relatively more priority filings. In a nutshell, the worldwide count reflects the 'inventiveness' and entrepreneurial orientation of countries, while the other indicators, owing to their high selectivity, reflect the inventive 'performance' of countries. However, as we have already stressed, the worldwide count is an all-encompassing measure, in the sense that it can be used to generate all the other indicators (because all patents are either priority filings or claim a priority filing). For example, in order to generate the triadic indicator, one filters the worldwide count to obtain only priority filings that became triadic patents. Similarly, the count of priority filings can be weighted by patent value indicators, such as the size of the patent family, to reflect national inventive performance.
Institutional bias
The worldwide count is subject to an institutional bias when countries with heterogeneous patent systems are directly compared against each other, as in Table 3 . Although patent laws tend to converge over time, there are still some strong institutional differences, as illustrated by Park (2008) for enforcement mechanisms and by de Saint-Georges and van Pottelsberghe (2011) for transparency and stringency. The biggest differences are likely to be observed between developed and developing economies, because the latter usually have lower novelty thresholds and weaker patent laws. For instance, before the 2009 patent reform, the Chinese patent office searched only national prior art, rather than worldwide prior art.
14 One can think of various ways to correct for the institutional bias. One would be to count patent families rather than individual patents, as explained in section 3.3. For instance, if four priority patent applications filed in the same patent office belong to the same patent family (perhaps because a second filing in another jurisdiction claims these four patent documents), these four patents would count as just one in a family count. Another way of correcting for institutional bias involves estimating a 'conversion rate' of patents between patent offices, and using it to weight the raw count of priority filings.
15 Such a conversion rate can be obtained by computing the average number of priorities claimed by second filings at a reference office. For instance, if the EPO is taken as the reference office, the weight for, say, Japan is defined as the average number of priority filings from the JPO claimed by second filings at the EPO. Thus, if three Japanese priority filings are usually merged together to produce one patent at the EPO, the conversion rate is three, and the count of Japanese patents is therefore divided by three. Other normalisation techniques can be used. For instance, section 5 presents a new way to normalise patent count which is appropriate for cross-country comparison of the patenting activity in a specific technology field. Table 6 presents correlation coefficients between the corrected worldwide counts and the 'international' counts. Since international counts are not affected by the institutional bias, a correction is deemed successful at reducing the institutional bias if the correlation coefficient has increased as compared with the uncorrected count. The first row of Table 6 is taken from the last row of Table 4 and provides the benchmark coefficients (raw count). The second row presents the correlation coefficients with the family-corrected count. Correlation coefficients are similar to the first row, suggesting that the family count does not reduce the institutional bias. With hindsight, the family count does not offer a strong enough correction because of the high number of singletons. Since many priority filings are their unique family member, the family count is always very close to the raw count. The last row of Table 6 presents the correlation with the count weighted by the conversion rate. The conversion rate was computed for the period 1999-2001, taking the EPO as the reference office. The largest weight is obtained for Japan. On average, 1.34 priority filings at the JPO are combined into one second filing at the EPO. Interestingly, the correlation is stronger, suggesting that the method corrects the institutional bias to some extent. The correction is not perfect, however, since the patents filed at the EPO are a highly select group and may not be representative of the population of 'national-only' patents. Note that the worldwide count is not subject to the institutional bias when growth rates in patents are of interest, when countries with homogenous patent systems are compared or when patents from a single country are tracked over time.
Elimination of the geographic bias
The worldwide indicator eliminates the geographic bias by construction, since it counts patents filed in all patent offices. Table 7 presents the breakdown of the patent count by destination of priority filings. It indicates the jurisdictions in which priority applications by inventors from a specific country are filed. In most cases, the home office attracts the majority of priority filings. This is true for patents by inventors from developing countries such as Brazil, China and Russia, but also from large developed economies such as Japan, the United Kingdom and the United States. By contrast, many patents by inventors from small, open economies such as Belgium, the Netherlands and Switzerland are first filed abroad, notably at the EPO. Similarly, the USPTO attracts more than half of the priority patent applications filed by Canadian and Israeli inventors. In light of these figures, the favourable rankings shown in Table 3 for Dutch inventors at the EPO, for example, and Canadian inventors at the USPTO, comes as no surprise. The high degree of heterogeneity in the destination of priority filings highlights the interest of the global measure of patenting put forward in this paper. Restricting the count to a single patent office (be it the EPO, the USPTO or the national patent office) typically provides a biased picture. Figure 1 provides a dynamic view of the data presented in Table 7 
An application of the new indicator: The wind-power industry
This section presents an overview of patenting activity in a specific field to further illustrate key aspects of the worldwide count and illustrate its uses. As previously mentioned, the worldwide priority count is useful for identifying emerging technologies and assessing the innovation performance of developing economies. The example of the wind-power industry, which has been experiencing unprecedented growth since the early 2000s and is now booming in China, meets these two criteria. As a sign of the industry's growth, the global cumulative installed capacity, the industry standard for market size, grew from 7,600 MW in 1997 to 120,291 MW in 2008 according to data by the Global Wind Energy Council.
The industry's growth is also apparent in the rising number of patents filed at the EPO, which closely tracks the growth in installed capacity, as illustrated in Figure 2 Although the correlation between the two series is remarkable, the growth in patenting activity at the EPO is difficult to interpret. It may reflect either a genuine increase in inventive output or greater globalisation of the industry. As the market is expanding from a limited number of pioneering countries into a global one, firms now have more incentives to seek patent protection at international levels. Two observations can be made from Figure 3 . First, the worldwide number of priority filings was close to 2,000 in year 2008, as opposed to 352 patent applications filed that same year at the EPO (not reported). Thus, the global count captures a much larger set of patented inventions-in fact, the widest possible set. (Triadic patents were in the order of 40 in the early 2000s, approximately 5 per cent of global output, making them irrelevant for a detailed technology analysis.) Second, the number of priority filings is indeed growing, suggesting a global increase in the supply of wind power technologies. However, it grew by a factor of 8 from 1997 to 2008, whereas EPO filings grew by a factor of 18 over the same period. This suggests that the growth in EPO patents observed in Figure 2 is driven both by a global increase in technology output and by a greater propensity to seek protection at the EPO.
The next figure provides an overview of the largest countries in terms of installed capacity. Germany was the leading market in 2004, with an installed capacity of 16,629 MW, well ahead of Spain and the United States, the second and third largest markets, respectively. Figures for the year 2009 show the sharp rise of China, which became the second-largest market, with 25,805 MW of installed capacity. China outpaced the United States in 2011, and it is now the largest market for wind turbines (not reported). Table 9 provides the ranking of countries according to the number of wind-power patents they have produced. The top ten countries are reported for two time periods and three patent indicators. Patents from these countries account for between 78 and 89 per cent of total wind-power patents filed, depending on the time period and indicator used. The columns labelled 'Worldwide' present a normalised count of priority filings (with the raw count in parentheses). The number of worldwide priority patent applications for country i is normalised as follows:
The first bracketed term controls for the institutional bias of the worldwide indicator by dividing the number of wind patents by inventors of country i by the number of priority filings over the gross R&D expenditure of the country (the denominator can be seen as a measure of the propensity to patent in the country). The normalisation is needed to control for institutional characteristics that affect the raw patent count, such as the strength of patent protection, the level of fees and other aspects of the design of patent systems (such as the fact that patent systems in some countries favour numerous but narrow patent applications-as in Japan and Korea-or that some patent offices do not publish all patent applications-such as the USPTO-which lowers the patent count). The second term in brackets expresses the number of wind-power patents relative to a reference country. The reference country chosen is the United States, without loss of generality. This second term does not change the final ranking, nor does it change the relative differences between countries (indeed, the second term is similar for all countries). Thus, the normalised worldwide count of priority filings can be interpreted as revealing the relative importance of wind-power patents in country i, expressed in the US equivalent. The columns labelled 'EPO' and 'USPTO' count both priority filings and second filings in these offices. Normalisation is not needed for these indicators, since the restriction to a single office eliminates institutional biases. The ranking is globally consistent across the three patent indicators. The top four countries in the first time period are always Denmark, Germany, Japan and the United States, while the top three countries in the second time window are always Denmark, Germany and the United States. Interestingly, even though the patent systems of Germany/Denmark, Japan and the United States are all very different from each other, the ranking generated by the normalised worldwide count is very similar to that generated by the more established patent indicators. This suggests the adequacy of the normalisation implemented. Note that the raw patent numbers are shown in parentheses next to the normalised figures. For instance, German inventors produced an average of 101 priority patent applications per year over the period 1999-2003, although the normalised count amounts to 37. This strong difference reflects the fact that German inventors produced 623 patents per billion R&D dollars over that period, whereas US inventors produced 229 patents per billion R&D dollars.
Two countries that rank particularly high with the worldwide priority count but not with the 'international' counts are Spain during the first time period and China during the second. Spain ranks fifth in the worldwide count in the period 1999-2003 without even placing in the top ten at the USPTO. Interestingly, Spain entered the top five in the 2004-2008 period for both the EPO and the USPTO indicators, suggesting that the worldwide count was not off the mark in the first period. This is also apparent from the market figures presented above: Spain was the second-largest market in terms of installed capacity in 2004, and Gamesa, a Spanish company, was the fourth-biggest player in the world market. China shows a similar pattern in the period [2004] [2005] [2006] [2007] [2008] . It is ranked fifth by the worldwide count but does not even enter the top ten at the EPO. One may argue that the worldwide count does not control for the quality of patents. Chinese patents may arguably be of lower quality than, say, US or German patents. However, the figures reflect a real rise of China, both in terms of installed capacity (Figure 4 ) and large players ( Table 8 ), suggesting that the worldwide count has successfully identified emerging trends in the wind-energy market.
To sum up, the overview of the wind-power industry validates the worldwide indicator and suggests ways in which it can be used. First, it helps to put international indicators in perspective by providing an additional dimension. The observed increase in the number of international wind-power patents is driven by both an increase in the technological output and a greater globalisation of technologies. Second, it made it possible to identify emerging trends in the wind-energy market. Chinese leadership during 2004-2008 was apparent only from the worldwide indicator, much like the Spanish leadership during 1999-2003. Finally, the overview illustrates a normalisation technique that can be used to control for the institutional bias of the worldwide count.
Discussion and concluding remarks
This paper proposes a methodology for building a patent-based indicator which involves a worldwide count of priority filings. The indicator is based on counting all the priority patent applications filed by a country's inventors, regardless of the patent office in which the applications are filed. The methodological contribution of the paper relies on exploiting patent-family linkages (direct equivalents and other second filings) to recover missing information on the countries of residence of inventors. The methodology proves to be highly reliable for some countries where almost no information is reported in the priority applications available in the Patstat database. Because priority patent applications are published after 18 months, the timeliness of the indicator is good in theory, although coordination between patent offices and the EPO (the database administrator), as well as the frequency of releases of the database, can delay the availability of data by another 18 months.
The indicator captures patent applications and not patents granted. 16 This methodological feature ensures better timeliness and homogeneity of the data, as they are not affected by varying grant delays and standards across patent offices. It goes without saying that the count of patents granted can easily be computed from the present data.
The count put forward in this paper does not substitute for existing international patent indicators but rather complements them in various ways. First, counting priority applications by country of the inventor can put international indicators into perspective. It provides a benchmark value against which those indicators can be compared. For example, Slovenian and Hungarian inventors file about the same number of triadic patents (1.87 vs. 1.88 per thousand researchers in 2000), but Hungarian inventors file almost 25 per cent more priority patent applications (61 vs. 49). Inversely, although Spanish and Romanian inventors have about the same propensity to file priority applications (27 vs. 25 per thousand researchers in 2000), inventors from Romania file almost twice as many triadic patent applications (3.55 vs. 1.88). Such data inform policy makers about the innovation potential and the quality of research in their country.
Second, the paper illustrates that the worldwide count indicator improves the measurement of the inventive activity of small, open economies (because it has no geographic bias) and emerging economies (because it has no filter on patent value). The count of priority applications provides an important index of technological development and reflects the entrepreneurial dynamism of a country.
Third, although the indicator is not designed to direct comparisons of inventive performance across countries with heterogeneous patent systems, it actually represents a complete matrix of patent counts, in the sense that it can be used to generate all other existing counts (because all patent applications are either priority filings or claim a priority filing). For example, to generate the triadic indicator, one needs only select those priority filings that became triadic patents. Similarly, the exhaustive count of priority filings provides the grounds for novel selection criteria and weighting rules (for example, counting only priorities with at least one application abroad-see Chan, 2010) . The preceding section has also illustrated that normalisation techniques can be designed to make possible meaningful cross-country comparisons.
Fourth, the indicator is also particularly appropriate for within-country analysis of inventive activity. It allows scholars and policy analysts to track the population of patents applied for by national inventors and provides information about the 'attractiveness' of the national patent office. A telling example of this is provided by the breakdown of data on the destination of patent applications. Inventors from countries such as Switzerland and Canada tend not to file at their home patent office but, rather, prefer the EPO and the USPTO, respectively. More generally, the geographic data inform policy makers about the characteristics of their national innovation system and the level of exposure to international research. For instance, more than 50 per cent of patents by Israeli inventors are first filed at the USPTO, providing evidence of the strong ties between the two countries. Similarly, the broad coverage of the indicator and the retrieval algorithm are of significant interest in studies aimed, for instance, at investigating technology diffusion and patterns of international trade.
The patent count proposed in this paper has already been used, in a simplified form or in its present form, in work by several authors. We will briefly discuss these applications in order to further illustrate the indicator's possibilities. The worldwide indicator was used by Danguy et al. (2009) to show that the boom in patent applications (the so-called 'global patent warming') could be observed only with international patents and not with priority patent applications. The authors adduced this result as evidence that the burst in patent applications does not reflect an increase in inventive activity but rather an effect of globalisation. Turlea et al. (2011) used the worldwide indicator to study the patenting activity of the information and communications technology industry across the world. Picci (2010) and Picci and Savorelli (2011) use it together with a set of measures of the internationalization of R&D effort. Finally, de Rassenfosse and Wastyn (2012) have matched the patent indicator to Belgian firms to show that a count of patents at just one reference office such as the EPO leads to selection bias. The characteristics of firms that file their patents at the EPO differ from those that file their patents at the national office, which affects econometric estimates of invention production functions. The majority of empirical innovation studies limit data collection to highly selected patents (such as EPO or triadic patents), whereas the use of a more comprehensive set, including all priority filings, would paint a more complete picture of inventive activity. The authors recommend using the worldwide indicator described here to improve identification of a country's innovation through its patented output. 
Appendix C-Validity tests
Four tests were performed to ensure the validity and robustness of the methodology adopted to recover missing information. The first compares the information recovered for priority applications filed at the French patent office and reported in the Patstat database (inventor information on inventors is missing in 85 per cent of cases, see Table 2 ) with the actual data obtained directly from the French patent office. The second test ignores the information on inventors contained in the patent document itself (that is, the first source of information is bypassed) and compares information recovered using the methodology with the ignored information. It does so for a set of patent offices that attract a large proportion of patents for inventions by foreign inventors. The third test, similar to the second, is performed for patent offices that receive a high number of so-called singletons (that is, patents that are not extended abroad). The fourth test is concerned with the coverage of the Patstat database. It compares counts of patent applications by national inventors at their home office with WIPO data.
C.1 Detailed analysis for the French patent office
Patstat records of priority applications filed in the French patent office lack information on the inventor's country of residence. To test the robustness of our methodology for recovering missing information, we compared the information retrieved with data obtained directly from the French patent office. The test was performed on a random sample of 3,000 French priority patent applications filed between 2000 and 2005. The results are presented in Table C.1. The results are highly satisfactory: 97 per cent of the information recovered by the methodology turns out to be accurate. Only 79 of 3,000 priority applications filed at the French patent office were assigned to a wrong country, less than 3 per cent of the sample. A closer look at the type of allocation errors (not reported) reveals that 60 per cent of the allocation errors relate to allocation to a French inventor when the true inventor is foreign; 28 per cent concern allocation to a foreign inventor when the true inventor is French; and 12 per cent concern allocation to an inappropriate foreign inventor.
This encouraging result may be driven by the low international profile of priority applications filed at the French patent office, where less than 5 per cent of the priority patent applications originate from foreign inventors. Thus, assigning patents to French inventors by default would have led to 95 per cent accuracy. The next test looks at patent offices that attract many priority filings by foreign inventors.
C.2 Detailed analysis for the Canadian, German and US patent offices
The second robustness test consists of ignoring source 1 and comparing the result of the missing-information algorithm with the ignored information (Table C. 2). The test was performed on 3,000 randomly chosen applications filed in each of three national patent offices that receive many applications from foreign inventors. The results obtained for the Canadian and the German patent offices are very similar to those obtained for the French patent office, with 97 per cent of applications correctly allocated. At the USPTO, only 88 per cent of the applications were correctly allocated. Note that this exercise constitutes a very strong test, since it deliberately bypasses the source of correct information (source 1). The quality of the actual indicator is therefore much higher than the results of this test might imply, because source 1 is used whenever possible.
The distribution of allocation errors is reported in Table C .3. No pattern emerges, suggesting that there is no systematic bias in the allocation error. While the majority of allocation errors at the Canadian patent office involve applications from foreign inventors being wrongly allocated to other foreign inventors, the most common allocation error at the German patent office concerns applications from German inventors wrongly allocated to foreign inventors. At the US patent office, the allocation of applications from foreign inventors to US inventors is the most common type of allocation error. 
C.3 Detailed analysis for the Chinese, Korean and Russian patent offices
The third robustness test is similar to the previous one, except that it is performed on patent offices that receive a high number of singleton applications. Missing data for such applications cannot be collected from direct equivalents and other second filings. Our methodology will recover it from the applicant's country of residence (source 4) or from the country of the priority office (source 7). The quality of the information recovered using the methodology is very high, with 98 to 99 per cent of the applications correctly allocated (Table  C.4) . Again, the distribution of allocation errors presented in Table C .5 does not exhibit any particular pattern. 
C.4 Coverage of the Patstat database
The accuracy of the new patent indicator is as good as the coverage of the Patstat database, which ultimately depends on the quality of the data provided by individual patent offices. Assessing the coverage of the Patstat database is not straightforward. Ideally, the patent counts from Patstat would be compared with data obtained from national patent offices. Unfortunately, patent offices do not report homogeneous statistics: Some report only granted patents, some provide information only on applicants (instead of inventors), and others do not distinguish priority filings from second filings. One way to check the validity of the results involves comparing the patent counts with WIPO statistics on filings by national residents. The WIPO compiles homogeneous statistics on patent filings using survey data collected annually from patent offices around the world.
The WIPO data differ from ours in four important ways. First, the WIPO data consider total applications, including second filings as well as priority filings. As a result, the WIPO counts will necessarily be higher than those presented in this paper. Second, the WIPO distinguishes between filings from residents and filings from nonresidents, and the former do not match perfectly with the series developed in this paper. Third, statistics are reported for applicants rather than for inventors. Fourth, the WIPO series captures all applications, whereas the Patstat database includes only published applications. For these reasons, counts generated from Patstat records will tend to be lower than those of the WIPO, but the figures should nevertheless be in a similar range and exhibit a similar trend.
We matched every Patstat patent series with its WIPO equivalent and found that the quality of the Patstat coverage was high for most countries.
17 Coverage problems were found for five countries: Australia, Chile, Denmark, India and Ireland. Patent counts for these countries must be used with caution.
